The principles of construction of small magnate-induction systems controlled microprocessor module to run the micro and nano-satellites to the specified path, with certain speeds. This is done by automatically selecting certain zenith and azimuth angles, by commands microprocessor regarding delivery vehicles. Keywords: nanosatellites, CubeSat, starting system of magnetic ejectors, trajectory, microprocessor control systems, stepper motors, neodymium ring magnets.
Proecting MISZ
Intensive development of near-earth space using groups of nanosatellites (NS) demanded the creation of new automated systems launching in specific directions with certain initial values of the triggering pulse. One of the promising areas of application of mini -and nanosatellites is their use for solving inverse ill-posed problems identifying such spatial distribution of atmospheric parameters as electron and ion concentrations (1, 2) , to analyze the temperature distribution in the atmosphere, in particular sudden stratospheric warming, etc. To solve such tasks should be placed at a relatively high circular orbit constellation of small satellites in the amount of 24 ÷ 36, equally spaced from each other.
system is unable to provide the desired speed of the separation, certain of the Zenith and azimuthal directions. Thus, the development of high-performance systems start from the point of view of accuracy launch into orbit detachable apparatus having a small size and weight, and consuming small amounts of power, is an important task.
The authors have developed a compact microprocessor system launch NS (MMSZNS), to a certain extent, able to solve these problems in exact start grouping of NS with the given parameters branch. To reduce power consumption and the ability to change the speed of the satellite separation in this system is applied neodymium (Nd-Fe-B) ring magnets -induction field, which in the axial direction has a value of order (1 ÷ 1,5) TL. In the General case, for the material of the magnetic magnetization strongly depends on the field strength of the demagnetization dm H . 
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that is a very useful property for magnetic induction systems run (MISZ).
Circuits of the devices of magnetic induction propulsion (ejectors) for launching detachable satellites on a given orbit is shown in Fig. 1 . The simplest version of magnetic induction ejector shown in Fig. 1 (a) . This device used a package of neodymium ring magnets -2, along the axis, which has a hollow guide central axis 5. Inductor (multilayer solenoid) is fixed on the guide Bush -4. When applying a current pulse, the corresponding direction, the solenoid coil and the guide sleeve acquire appropriate mechanical momentum through the faceplate run -6 is passed to the launching satellite. The current pulse is formed by the capacitor discharge specific capacity.
The authors, in the development and study of a model MISZ used electrolytic capacitors 0.01 F x 100 V, 0.055 F x 55 V, which allowed accumulating charge (1 -3.025) CL, respectively. Because this system relates to high-current pulse discharge devices, to exclude the effects of electro-magnetic fields generated MISZ on onboard equipment startup of the apparatus, the ejector is placed in a magnetic screen -1 of magnetic material. Figure 1 b), d) shows, respectively, the configuration of the magnetic field in the annular magnet and the change in the magnetic field along the radius. Obviously, the smaller the gradient field in the workspace along a radius of the annular magnet (in the zone of small diameter rings), the more effective management of the solenoidal coil and, accordingly, the triggering pulse.
For systems of this type it is advisable to use a ring magnet whose outer diameter in (2 3) times more internal, we used magnetic ring (75x30x7) mm 3 . In order for the magnetic field to make a more uniform along the Central axis of the quite a few rings to collect in the package as shown in Fig. 1 (a) . If the Central axis, even in hollow version is made of a ferromagnetic material is steel, the effect of the magnetization in several runs, the distribution of the magnetic field in the working gap will be of the form (4) is shown in Fig. 1 d) . To "equalize" the magnetic field in the working gap is advisable axis to perform in the form of a hollow tube 5 of a dielectric material and be placed inside cylindrical neodymium magnets -6, see Fig. 1c ).
Prototype variant MISZ were used neodymium magnets with a diameter of D = 9 mm, and a height h m = 10 mm. Guide bush -4, in this case must also be made of dielectric material, for example, of fiberglass, PTFE, carbon fiber, etc.
Modeling separate process
Calculation of the parameters of the serial RLC circuit, or magnetic induction ejector, is based on the launch conditions separating satellite, speed of separation, mass. We believe that the separation velocity of nanosatellite should be (1 -3) m/s, and its mass is 1 kg, therefore, to separate desired energy (1 -3) J.
The energy stored in the capacitor is equal to Efficiency MISZ, defined as the ratio of mechanical energy required to run the satellite with determined speed, to the energy stored in the capacitor is of the order of (6 -9)%.
Based on these launch conditions, the capacitor should be stored at least 50 Joules of energy, which can be provided by using an electrolytic capacitor 0.01 F x 100 V. Settings of the solenoid -the number of turns, wire diameter, etc. are also selected on the basis of the power ratio and dielectric strength of the system. Based on these considerations was designed multi-layer solenoid with the following characteristics: the number of turns 84 N , the number of layers is 10, the inductance L = 48.43*10 -6 GN, outer diameter R 2 = 27 mm, inner diameter R 1 = 11 mm, height h = 14 mm, active resistance R = 0.08 Ω, the natural frequency 0 = 1437 Hz, the frequency of = 1183 Hz, the attenuation coefficient = 816, critical resistance 0.14 Ohms, the wire diameter = 1 mm.
Because critical resistance exceeds the active resistance of the solenoid, the process of discharge is quickly fading periodic process that can be described as:
Since the initial conditions fully satisfy the relations:
that general solution equation (1) can be represented as:
The excitation in circuit of quasiperiodic process, is possible only at certain relations between the parameters, in this case, the solution of (1) can be represented as:
Assuming that the natural frequency is defined as: The field strength at the center of this solenoid has a maximum of:
where:
-the fill factor, j -the current density, R1, R2 -the inner and outer radii of the coil, respectively, h -its height.
With increasing distance from the center of the solenoid field strength decreases (5), a similar situation is observed for the region outside the solenoid. These parameters are important for mathematical modeling of processes of interaction of the magnetic field induced in the solenoid due to the capacitor discharge and the external magnetic field formed by a neodymium magnetic core.
The force acting on the solenoid side of the external magnetic field can be estimated (6) using the formula:
here i t -the resulting current through the solenoid: Formula (6) is an estimate, for a more accurate calculation of the Ampere force, you need an external field generated neodymium annular and cylindrical magnets be divided into annular zones, it is suitable to each layer of the winding of the solenoid. In each annular zone is necessary to calculate the average value of the magnetic field and considering it to be constant across the width of the zone, for each layer of the winding to be calculated the Ampere force and the results of the sum over all layers of the winding.
Still need to take into account the fact, that changing the current time in each turn, stimulates the induction currents in the neighboring coils. With sufficient practice for accuracy, it is reasonable to consider only 2 adjacent coils in each direction (i.e. a total of 8 turns of neighbors). In this approach, the obtained dependence of the mechanical force from the time shown in Fig. 2 g) , and the integral value of this force for the case in question is:
J . This is enough to launch nanosatellites weights from 1 kg to 3 kg with an initial velocity of 1 m/s… 3 m/s. Figure 3 shows a sketch of the Electromechanical part of this system. This system consists of the next modules and blocks: magnetic induction ejector, the mechanisms of orientation run microsatellite in the Zenith and azimuthal directions, the launch control unit controlled by microprocessor, power supplies, including rechargeable batteries. Structurally, these Electromechanical systems and electronic units designed as one unit.
Construction MIS
For precise, controlled launch of nanosatellite and steady its motion in its orbit after separation, the authors have developed a compact single-axis gyroscopes, mechanical type, mounted on the ends of the bases of the nanosatellite. Their rotors synchronously promoted to given values of the angular momentum on commands from the microprocessor unit system startup. Figure 3 shows the device separation. It consists of: 1 -body delivery system; 2 -lock; 3 -body rechargeable batteries; 4 -TZM; 5 -battery 1; 6 -axis bracket; 7,18, 39, 43 -board electronic equipment; 8 -bearing body; 9 -bearings; 10 -axis; 11 -follower gear MAP; 12 -body the mechanism of orientation in the Zenith direction (MZP); 13 -bearings; 14 -double T guide; 15 -ring gear MZP; 16 -case MZP; 17 -condenser; 19 -cover MZP; 20 -magnetic screen; 21 -ring neodymium magnet; 22 -solenoid; 23 -spring; 24 -guide sleeve; Figure 3 . Sketch Electromechanical systems of magnetic induction system launch nanosatellite.
25 -cylindrical neodymium magnet; 26 -launch platform; 27 -directing; 28, 30 -single-axis gyroscopes; 29 -nanosatellite; 31 -bearing; 32 -flywheel; 33 -magnets; 34 -winding; 35 -guides for fixing the nanosatellite; 36 -damping gasket; 37 -the winding of the electromagnet fixing nanosatellite; 38 -clamps; 40 -a leading gear MZP; 41, 42 -stepper motors; 44 -clamp stepper motor; 45 -body cover battery; 46 -rechargeable battery 2. Starting system fixedly mounted on the structural element is 1 means of delivery (SD) (see Fig. 3 ) with clamp -2. At the bottom of the system is a located compartment, 3 with gallium rechargeable batteries ACB, ACB -5, 46. One of these batteries using for power electronic circuits control systems. Another battery for the formation of the charge in the electrolytic capacitor of a large capacitance, which in turn is used to generate the current pulse in the highcurrent solenoid, resulting in creating triggering pulse nanosatellite. Magnetic induction system launch-ejector consists of two neodymium magnets, one of which is executed in the form of a ring 21, the other rod type -25 and coaxially oriented relative to the center of the ring magnet. The annular space between the magnets, thus, is a working gap, which houses multi-layer high current solenoid 22. When connecting the capacitor -17 through e-the key to the winding of the solenoid 22, there is formed a current pulse, the duration of which is set by microprocessor control system. In the result of the interaction of pulsed magnetic fields excited around the solenoid and the permanent magnetic fields of neodymium magnets, solenoid, which is rigidly attached to the guide bush -24 acquires the momentum of mechanical motion. This momentum through hard-bound system guide bush -24, the launch platform -26 is transmitted to separating satellite. The spring 23 is a damper, which softens the blow of the solenoid on the body cover of the magnetic screen 20. The magnitude of the impulse purchased separated satellite (initial speed) is determined by the time interval of discharge of the capacitor through the solenoid. For fixing the nanosatellite in the axial direction on the launch platform (PZ) is a cone-shaped guide -27, to prevent arbitrary arrangement of nanosatellite (PZ) are the guides 35, which accurately record the location on the nanosatellite launch platform.
The electromagnet 37, consisting of a winding located on the PZ and the ferromagnetic ring, fixed to the singleaxis gyro -30, when applying for his current creates down force between the detachable NS and PZ. This force acts over a time interval from the moment of installation of the NS on the platform until the separation of the NS. Damping pads -36 serve to absorb shock loads encountered during installation of the NS on PZ robot manipulator.
The drive mechanism for the orientation of the main axis of the nanosatellite in the Zenith direction (MZP) consists of a hemispherical shell -16 closed by a cover 19, there are electronic units -18, 39 control discharge of the capacitor through the solenoid. In the meridional direction of the hemisphere body, outside fixed half of spur driven gear 15 mechanism of orientation in the Zenith direction. For fixing the housing -16 in the meridional direction are two I-semiring installed on the sides of the driven gear 15 and the bearing system -13. Gear -15 is driven pinion -41, the shaft of the stepper motor -42. Therefore, during the rotation of the stepper motor -42 in one direction or another, a hemispherical body with a magnetic induction system start and PZ installed on it nanostation, versed in the Zenith direction. The drive mechanism along the azimuth consists of driven gear -11, mounted on the axis 10 through the housing 8 and a pair of angular contact bearings 9. The bearing body mounted on the gear -11, the axis 10, by means of bracket 6 is rigidly connected with the casing 3. On the driven gear 11 through the housing -12 fixed: the drive mechanism in the Zenith direction of magnetic induction system startup and PZ installed on it nanosatellite. Driven gear of the drive mechanism in the azimuthal direction, respectively, is driven into rotation, a pinion mounted on the shaft of the stepper motor -42, through which the detent 44 is rigidly connected with the casing 3 Thus, it is possible to set the azimuth direction of the main axis of nanosatellite respect to a coordinate system associated with the launched system or relative to the coordinate system connected with the Earth. The rotation of the stepping motors 41, 42 is carried out using the standard drivers drive the stepper motor under the control of the microprocessor. The microprocessor determines the appropriate values of the Zenith and azimuthal angles depending on the orientation of the means of delivery teams on-Board processor SD.
Compact single-axis gyroscopes mechanical type have size (100×100×10) mm 3 and are a flat motor with massive rotor -32. The rotor is driven windings -34, which in the working gap form a dynamic magnetic field. In the rotor, the periphery is molded miniature neodymium cylindrical magnets -33, thus, due to the interaction of the field permanent magnets with dynamic magnetic field generated by the windings, the rotor is driven. These gyroscopes, should be placed either in the center of the nanosatellite, so that the centers of mass of the gyroscope and nanosatellite coincided, in this case, you only need one gyroscope, or on the end faces, as shown in Fig. 1 . In the latter case the nanosatellite longitudinal stabilization is significantly improved and compensation of the acquired rotational motion simplifies by filing for winding a series of pulses that change the momentum in the opposite direction. Corrective current pulses, after separation of the nanosatellite, formed microprocessor system nanosatellite when it travels in its orbit.
The startup process, the system operates as follows: after installing the robot manipulator nanosatellite on the CW actuates the electromagnet fixing nanosatellite. Then, upon command of the microprocessor unit is installed Zenith angle, and then starts the mechanism azimuthal orientation. After installation of the orientation angles the gyroscopesis spin-up to the specified angular velocity values, then the capacitor discharges through the solenoid and starts the separation, at this time the electromagnet fixing nanosatellite is disabled.
For the launch of nanosatellite mass of 1 kg at a speed of separation of 1 m/s, need to inform 0.5 joules of kinetic energy. This construction launch system groups of nanosatellites is intended to separate the nanosatellite with the specified parameters. In one embodiment, the designed layout microprocessor-based automated system launch nanosatellite for ejector were used neodymium ring magnets 
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As stepper motors used miniature motors type FL20STH, key in the discharge circuit are two parallel connected field effect transistors (8) MOSFET IRFP4468PBF (U st-ist =100 V, I st =290 A). To charge the capacitor serves as a push-pull voltage Converter 12 V 110 V, the charging process is controlled by the microprocessor (9) . Similar Converter circuit used to generate the supply voltage of the electronic component. 11,12-SE Figure 4 shows a block diagram of the microprocessor control unit MISZ mentioned type. This control module was developed for a system in which the triggering pulse formed by the pulse of the high-current solenoid mechanical movement when the flow in it current pulse in a constant magnetic field of the neodymium magnets. The pulse of current in the solenoid is formed by discharge of the capacitor (capacitor bank). In the working gap ejector is a high-current solenoid containing 90 turns of wire of diameter D =1 mm, at the discharge of the capacitor having a capacity of 10 000 μf and a potential of 100 V (ELZET CD294), the solenoid is excited by a current pulse. The parameters of the discharge circuit are selected in such a way that was implemented quickly fading quasi-periodic process (10) , the duration of which is equal , the capacitor 94% of its charge pays for the formation of the discharge current during the first half of the period duration is . The energy stored in the capacitor is spent on the creation of energy of the magnetic field induced by the solenoid, on heating of the solenoid, etc. The pulse of current in the solenoid is capable of performing mechanical work on its movement in the working gap ejector has the same duration , at the maximum amplitude , which gives the opportunity to get 4.365 J. mechanical work. This work is expended on the work against friction in the mechanism of magnetic induction ejector, for work to overcome the force of elasticity of the damper springs and for work on the launching nanosatellite, i.e. impart to him a certain kinetic energy. In this case, the maximum value of the kinetic energy which is given to launching nanosatellite is approximately 2.46 j.
Electric scheme of MISZ.
As the key in this block were used for high-current MOSFETs MOSFET IRFP4468PBF included in parallel VT1, VT2 (see Fig. 4 ), each such transistor is able to pass current to 290 A, when the voltage of the drain -source 100 V. Control signal to the key supplied from standby the one-shot -3, which is controlled by a microprocessor -2. The duration of the control pulses is selected in the range from 0.0005 to 0.001 s, which allows to set the desired separation velocity of the nanosatellite. The charge of the capacitor (capacitor Bank) is performed using the voltage Converter 10, which is made by a two-step pattern on two drivers IR2151, which switch on the pair of MOSFET transistor IRF3205 with a frequency of 100 kHz. As studies have shown, this scheme generator has proven to be very reliable and stable in a wide temperature range (±50 С ). Output voltage 110 V at currents up to 10 A. The charging time of the capacitor is 10 seconds, control charging process is performed using an electronic key made on field-effect transistor VT3 IRFP150N connected to the control module charge -4. The voltage converter is turned on and off synchronously with the key VT3, the module of charge control -4, by signals of the microprocessor -2. The control unit voltage converter is a RS trigger, the load of which are electronic keys made on field-effect transistors 2Т3336, which switch inputs 4, drivers IR2151 on the common wire, stopping, thus, the generation process.
As microcontroller in prototype variant was used microprocessor series TMS320C2xx. Important basic properties of microprocessors TMS320C2xx, allowing you to use them effectively in satellite systems are:
• compatibility by software code with series C1x, C2x;
• extended instruction set to accelerate DSP algorithms and support structures of high-level languages;
• high performance (up to 40 MIPS); • low energy consumption due to the presence of energy-saving mode. Modified Harvard architecture, providing a separate bus commands and data, allows to choose simultaneously commands and operands. The possibility of exchange between program memory and data increases the flexibility of the microprocessor. Thus, the coefficients located in the program memory can be transferred to the data memory, resulting in a savings of memory allocated for the coefficients. The processor has increased, compared with the previous series, the volume on-chip memory and reprogrammable non-volatile flash memory. The presence of a four-stage pipeline allows TMS320C2xx to perform an average of one command per cycle. The microprocessor TMS320С2хх contains means to control interrupts, repeated execution of the operations, start sub programmes and functions.
Specifying the appropriate values for the azimuthal and Zenith angles relative to the orientation of the launch device realize by using stepper motors 11, 12, which, through the standard drivers -7, 9, and shaper control signals -6, 8, connected to the microprocessor 2. In this MISZ used miniature stepper motors FL20STH, drivers SMD -18, control units SMD -15.
The startup procedure for the control system is reduced to the following operations, which are controlled by the microprocessor:
• After reaching a certain height, on-Board computer of the launching device (BCSD), through the communication module informs the microprocessor of MISZ the coordinates of it's location and orientation in space relative to coordinate system connected with the Earth.
• After this BKCD issues a command to the robot manipulator to set the nanosatellite on the launch platform MISZ.
• On the basis of data BKCD microprocessor MISZ calculates the parameters of the start -Zenith and azimuthal angles, the kinetic energy of the separating nanosatellite, the angular velocity axis gyroscopes, the charging time of condenser battery, etc.
•Is the charge of condenser battery, the charge level is controlled by the microprocessor.
• Simultaneously with the charging process the given Zenith angle sets with drive mechanisms driven by the stepper motor -11.
• Next is the orientation of the nanosatellite in the azimuthal direction with the help of stepper motor -12, which drives a corresponding slewing mechanism.
• After that, the uniaxial gyro rotors installed on the nanosatellite spinup to a given value of angular velocity.
• Then launch the nanosatellite at a given speed, which is determined by a set time interval of discharge of the capacitor through the respective commands of the microprocessor MISZ.
For launch next nanosatellite, the procedure is repeated with regard to amendments to change the location of the delivery system, this information is transmitted from BKSD to the microprocessor.
